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. t fleqtieD.ee for a second strain ^.Mytobar^riLUTi nweraiiads will 
appear soon (Table 2), 

COMPAEAITVB GENOMICS TO ASSESS IHB ' 
.SPECTRUM ANX> SELECTIVITY OF A TARGET 

One powerful use of genomic sentence mfbmation is to 
compar© all of the identified gtncp in cfijEfcrcaitbHctciial path©- ' 
gens to determine which genes art, or are not, shared by var- 
ious jtobkbb, Indeed, Tarusov fit al. (SO) liave raggeated that 
geae families eontervad among bacteria but misamg in?m en- 
• icaryotea comprisB a pool of potential Targets te broad^o 
tram antibiobe development A» early utep m this carecnoa • 
was taken by Musbeglaii and Kremin (36), who identified 
256 geaaa shared by the two completely pcraeacpd bacterial 
E^aoanes ar thai tkac, those of jfnzmepkthtt influenzae and 
gtmbatium. Oa the wiher hand, genu which arc 
apparftntJy unjqtio to a species such as # ^yjpri might be ideal 
for targeting that species with a nairow-ppectnm totOn otic. As 
tee jraato of Boignenced bacterial and toigal genomes grows 
so floes the ability to find gsnes common id mom microbial 
path ogens or tally unique to a perticnlar sp ecies, Pot example 
Angoni et aL (ft identified 26 genes m£ ccC, most of which 
were cOTtaerved m the R sL&ti&, M. gmitaliu^K infiasnsm, 
pytort, Strtttocanais pneumoniae, and Bcrrzlm burgdorferi 
gBQTO«. They reasoned that this list otgeaes, which Wno 
predictable toatum, contained nova! targets for bxoadVepcc- 



tram aBtfbiotic development These, analyses cm be exteodetf 
by including salience comprisons to eukaryotk genomes ss a 
means id eaamme potential selectjviry of a target (50), For 
ramplc, Angoni ct aL (6) reported that IS of 26 protein* 
oroao/y conserved across bacterial ppecdes also cshJbittd si&- 
aj^ni segtiOTcc Bteiariry to proteins in £ «rw£ri« aal 
mg gftrfe, rtprmaeated- targeta winch, in an asay, migbr idea- 
^compounds that aim have hnman tnnnjry. "While ifcese 
targetB ttmld snnply avoided, it should be noted that ths 
• target* of the majority ctf aariceted a^hnicmbial agenta ahow 
samt canBBTvatiOQ with T " H * r ™inlfen pjntfrins, 

As m all sequence compsxtetonz, the atarch naraweteis and 
ma gnslity crfthe raput data, e^, nartial hnaan or ^"TOdQfm 
aeoiienee irtfonnaaDn, art critoi Relevant ismea which nrusl 
be addrmed mclude question* wh aa tie Mlawin^'Wha: 
degree of sequence aimibriry to another bacterial Renoms 
indicates a shared gene? What degrw of sequence sirriflariry to 
a m s jumaYm gcaa warns of a poaaible toxicity problem? Since 
^™^.^? il ^' fifi:a^dlic ^ ateirithnis alow aaescoy con> 
pl«etoibihry in die choice nf these peniniertre, fiomateiowa 
stain»bs are seetaeaty to calibrate the method. Mnahfcgiafl 
and Kooam (36) used a BLAOT bcqjc of 90 as tbt ctirmTfor 
dsnmng a buslogicalr; rtlevaiii reJationsh^ bewocu two pn> 
tean wgucaoes. The approprlacs cutoff 'wore ibr exdnaioS of 
genes with apparent mrfrrm^Vm homojegs may bo more gsns 
' ^nficL Some estamnitg reveal a general trend. Trimcthoniia 
U a mghfy selective inhibitor af-bmsterial dihydrofolata r> 
nastaMS* fDHFR) oesphe thsfad that the human andfL co^ 
DHKR ganc prodacls abareSS^ amino acid identity over the 
]«n|Ji of the two prottias (40). SlroiUdrp, the otimolonaji arc " 
aiaW selective against bacterial ayxtaes despite the ma that 
the C-tonaiaal domain of human lopoisomtrase II &oarcfi 20% 
ammo acid Identity with R coH gyrase A (25). Fluconazoles an 
fiighiy Boiectivs fcr fungal Janosterol demethyiasta,- even . 
them^ the hmnari and yeast gene prodndE sharo 37% amino 
end identity oyer their full length (5)> These fiemieacs idantir? 
pttteatages txanfllate mm BLASTP scores of 132, 123, and 
301, roBpecttvely, in a march of a large mmrechiiidimi vratm 
databaBe comprised of sequences from GeaBaak, Sw&?ro; 
and TEL Therefort^exclusicai of genes having apparent mam- 
mahan homOlogs with scores >1S0 would lakaly b & suitable fe 
& March ^of bacterial targete,but the score cutoff would have to 
db raj&ed to allow ideitfmcafion of rhe broadest sot of antifun- 
gal target ge&w. 

3BBNIDICAIION OF EESHNHAL TAR. GETS 

Genomic sccm&nee infinrmntio n is not jemm-eic for diaco?- 
ermg eweniial genes, but such mfennatioa does militate the 
process, Genoa which are essential to pathogenesis and movent 
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^^"^ * 80 model would imgges: that 
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tempted. Preeauboas can be taken to rtduce SS?f 
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those genes, provides both gem targets whos&cellulsrftmc&m 
can ot prttfictad and gene targets ibr which Stale or no func- 
bonai mfhrmac ion is available. Targets in the first class may 
b^edjnniiediaiery td bnQd biochemical aaaays aid high, 
ttou^hput screens u? detect smaU organic moiccaltB which 
inhibit the WochermcaJ activity. TVpicalty, the gene aeqoence a 
""jfltfftd from genomic DNA of a gJvea bactarfunL 

mstrted into an a^saon .vector, and expressed m E eoli 
Bometmxea with affinity tage tg fiacfoate mirifica&n of the 
le^altang protein prodnet 

Itfefarlate obvious how to proceed wftfa pans tarpM* la^Vmp 
B2y functional imnnn&tton. Tma problem has attracted consid- 
erable a ttention in recent yean becanae of toe growing number 
nr anna targen; known to be shared across many bacterial 
species' (24), some uf winch are known to be essential in at least 
one apeeiea. As a general guide, about 40% of bacterid genes 
cannot be assigned a putative funcdDu at this time. If ID to 
15% of these ^enes art ewenrial, tbso 4 to £% rf the gene* in 
a typical bacterial genome (about 1DD goueaj represent po- 
tential antimicrobial targets which have never boon used in 
screens. Three basic types oi Approaches ecem feasible and 
nave shared some initial biiecchs. Brat, cells «mreasmg mgner- 
or lower-rhan-norrniil levels of particular genea have in some 
cases been shown to be more remrant or 'more aensftjve. re- 
apeciivBrj, fear toeirwad-^e parents to chenacal cottpouada 
known to inhibit those gent products. For example, £veat> 
prasBiop otf th^yeastX£a7E^nert^mm eellfl mora resistant 
lhan wfld-rypc cells to timicanoycin (38), wMt reduced activity ' 
of the same gone prtKto results in calls wore wnsinte to the 
drag (50), Simflaay increased eXpreasicD of the ERG11 rane 
u Can&ta gl&br&a results a higher Jevds of resistance m the 
arole tamAy of drags which target that enzyme (54). A gene of 
.unknown fanntion could be crv aini.pi eased in a host Btram, and 
the resulting; assay strain coald be tested for increased resi^ 
tanca to a Ebrary of compound*. It is clear, however, thai many 
gene targets when overdressed do not lead to resistance to 
chemical compounds that are known to bind to the protein 
product (eg., [52]). FuT&ermore, overe^esaion pre- 
tsm Often Jeans to lethaUry or growth defects (e.g^ kaxA 1347). 
Alternatively, a gene could be unQ^rcspressed or eimled by B 
munition so that cells might show increased sensitivity to a 
compound which inhibits the protein product Srieni&tB at 
Microcide Phaimacsutieals, Inel, have applied this approach 
on a large scale nafog temperataie-sanatrlve rnntanta grown at 
•mtermediale temperature* in order to reduce tie level of-a> 
tiyiiy of the target gene product (39a). Of ccrarae, it is not dear 
what fraction of nnlcnown gene pro duds would provide the cell 
with increased drag resistance or sensitivity when over- or 
On de repressed in iheje ways. 

tbe i pecoEd approach to this problem oi assaying gene prod- 
nca ofjmlcMwn fimcdon is probably more generally aoolica- 
ble. L^arants of small molecule* are Bcreened for strong bind- 
ag affinity to proteins of nuknown ninction. IhSs has. been 
acaifived with peptides in phag* display librarjes because bind- 
rag can be rcadify detected by alution of bound phage from the 
protein tethered on a solid support. Proteins of unknown func- 
tion can b* produced easily as affinity fcizdon oradnas for 
spachment to solid enppam, and a variery cf peptide phage 
display licrariefi are t^niereialry ef/aflabje. Com^ojmationaDy 
cons trained disnlfide-boDded peptides with »Hfrn< ties in the 1CD 
to 100 nM range can be obtained by this approach (55). Of 
ooarae, .net all peptides detected by this approach will bind to 
sites which inhibit activity, bin an elegant'ne-w mntbed, catitd 
Nidation in vivo of targets for anti-inicctrves* (VTOVj, has 
been devised to identify thnae peptides which inhibit ^ rn tiM 
cenuiar feaetions (49). J'ocentikl mhibitcry peptides yim ex- 



. .AwnMJcaoB. Aasxna Cbsmotbssl ' 

pressed in a regrteed matmer withm bacterial host ceBs whkh 
were grown either on agar medium or m an animal model of 
mrectiorL Inhibition of ceD growth or Yiabujiy nnon indnctlon 
Of ceptjoe expresdnn validated the pepddt-protcin interaction 
as nsefal for farther drug development Whie peptides are noi 
ideal drag rasdxd&te*, a wider- array of mehniques are appli- 
cnb3e after a moderate binder has been obtained The pep ode 
may be used as a Surrogate hgand b a competition assay to 
identify a small organic oompc-nnd wh4 higher affiniry. Scintil- 
lation prnrhniry assays (26*) or flunreseonra poiarizarion assays 
(41) nay be asad in a high-throughput mode to identify raa- 
ponnds in chemical libraries which compete for ^^^^ with a 
labeled peptide* Altamarivery, figand binding assays may be 
conngnred to work directly ro libraries of unlabeled chemical 
coraprmnna. Shukex et a! (42) have described a nttdsar mae- 
nanc rwonanca^ased method canable of a throtighput If 
1 ; 0GD cempemnds par day, M&ss ap«arometric methods ate 
also of interest as ponrntially rapid ways to detect bound 
gands from cbemieal Hhrariea* Oce eoneern abont these ap- 
proachee is Char proteins may have multiple oecessible bin dbg 
ritsB,, many of which h*cve nothing id do Tvlth camrytic activity* 
It is not dear at this early stage how signmnant an issue mul- 
nple bmding dree will be. However, it is worth noting that 
Shaker et aL (42) took attvamage of a, second binding site to 
mcreaae the affinity of an inhawtormr the protein. Ultimately; 
cf course, affinity ligands amat be ahown to inhabit cell growth, 
that k, to have armmiexobiaJ acdvify. Some ehemica^ cngmeei- 
mg of the compound may be required to mcreaae microbial 
uptake, 

. A third approach for assayiog gene pro ducts of unfenowa 
rhnction relies on the compjex gene eqfprnasion rBgulaidry net- 
wjMfe found in many bacteria. Emreasion JeveiB of genes in. 
oetajjohe pathways are often regulated in response to the 
a mnn nts of intermediates in the cell Pot example, disruption 
of the general sBeretory pathway m R coli by mutton results 
in draraaDjcm>ic^aknmi of f&A gene expression (37). Atone 
et al..{2) took adrantage of this tAer to build a strain vtR nol 
cawying a szcA-IazZ fnaion as a detectable reporter. Several 
synthetic compounds asd jiariiral prodncts wens identified by 
their ability to induce espnssiah of the reporter. Many of these 
exhibited sntsnicrabial activity and reduced the secretion ef 
Smpkyiocpccus oursto torn 3, Similarly, Mdmii et aL (34) havt 
reported that sublethal eor^nmirians of iaomazid lead ro np- 
regnladDTi cf the kasA and avpM genes. This group has initi- 
ated a whole-cell, htgb-throughpur screen of chomicai con> 
poimds whSnh induce e^iession of a lucjrerase reporter fused 
to a gene in this regulated pathway. Screens of this type, which 
take advantage of Cht bacterial gene regulatory nerwnft, are 
inherently Jess specific than the two other types desserjbed here, 
In additioa, they auSer from the basic tunitaiion of all whole- 
can screens: compounds must he, capable of anusrLng-the cell in 
order to he detected. However, these types of a ero a na ofier tbe 
pptendal advantage of idemifying compounds which act at any 
of aeveral points in a pathway. 

. CONCLUSIONS 

The avauamHty of genomic sequence jnf ormation for all or 
neatry all of several dmerent bacterial anedes orD vices impor- 
tant new advantages for target discovery; l^irs^ A ptwmits use of 
a Domparadve genomic analysis to identify potential new tat- 
genj fihared acroea several banerial species or pajiionar to a 
single apeciea. In this manner, it is possible to gam, crate lists of 
genes which represent potential targets for broad-spectrum or 
highly focused narrOF^^ciram antibiotics. Seqn^Tiee compar- 
isons can also provide some assurance against aarmn&lien 
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tcxdeity if protcias c^oirdLar Bequene© do not exist m mRng o&* 
Jian sequence database*, Second, sequence s ftrriiaTjty provides 
aorae rnsightB into pumtivtt functions for most gepe products. 
Finally, availability of the eurim SBqncnce of the gene terger of 
jjrtnrcst jj gjiiil te rapid constmctto of gene taocfepntt to vali - 
date tbo utilrtf erf the target and fecDe coaatmctiua of caprta- 
eion plasstids for production of protein dsvaSopmeait of 
aassya. The facr that bacterial and fwagpagenca can be easemed 
rapidly for tiedr relevance as potential antibiotic targets by 
dBxermining Ac effect' of toocfcbaB our the gene and. tie to 
fapt their genoznes ars eman tnougn to be sequenced in their 
entirely are' compelling reasons that the field of genomics will 
lifceiy ted hs fiat real mHJty in the development of new anti- 
microbial. 

*Wa thank our e&Q&egues as Genaa& Therapeutics Co r pgi &dop end 
tbt&aena^Plougb Resfiaxch Institute fer bojpfa] dinned cms about 
geawoie npproadifts to drug; discovery. In pgr rhater , Skip Steer, 
Biad Guild, and Lucy Ling vert inEtnc&antal b the miafysis of 6a 
oppoacfaes summarized hoc We thank Doua3« Sarfti o£ Genome 
Tberapftudea Corpcmtita for the compilfliiaE of Internet resources 
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